Editorials Electroencephalography today
Fourteen years ago Professor W B Matthews (1964) wrote on the use and abuse of electroencephalography (EEG). The paper remains a milestone in educating the profession in the use of EEG, and particularly its use in the management of epilepsy. He felt that clinical electroencephalography needed to be cut down to size. He was critical of the staffing of EEG departments, the abuse of activation procedures and the excessive number of requests for routine EEGs. On the positive side, he enumerated situations where serial EEG recordings were invaluable and he sought to define a middle course between the blind acceptance of the EEG as a routine investigation and the attitude summarized by dismissing an EEG department as 'another waste paper store'.
Unfortunately many of the criticisms of EEG departments remain true today. There are too many departments run by a solitary technician working from inadequate premises. The insufficiently trained EEG recordist-technician (Pampiglione 1964) has been responsible, not only for taking the record, but also for writing a report on the findings and giving an answer to a clinical problem. These abuses have not been eliminated entirely. The majority of EEG departments are still run by 'overworked neurologists with no time for experimental techniques or by psychiatrists with insufficient neurological experience' and there are still 'too few neurophysiologists with clinical experience' (Matthews 1964) . Furthermore, there still exist units with a nominal head and providing unvetted technical reports. That all departments should be run by experienced neurophysiologists was never anticipated. The aim has been to provide at least one advanced neurophysiological department per region, stimulating and supporting a corps of neurologists, psychiatrists and others, trained in neurophysiology, who would use EEG and clinical neurophysiological techniques as an extension of the neurological examination or as part of the clinical measurement within their own specialty. The development of specific neurophysiological centres in all regions has not occurred. However, there have been gratifying improvements in the accepted building standards for EEG 0141....Q768/78/0071-0473/$0 1.00/0 departments and in the establishment and training of technicians. The fact that technicians now hold qualifications in clinical measurement no longer ties their future to techniques which could become antiquated.
Denunciation of the abuse of activation techniques, the use of sphenoidal needles, the injection of convulsant drugs or of a general anaesthetic agent, such as thiopentone, with a specific and by no means negligible depressant action on respiration, has largely been heeded. Fashions change and nowadays the EEG is rarely used except as a noninvasive method of investigation. Only when suitability for temporal lobectomy is being specifically explored, and a fairly localized focus is noted, are sphenoidal lead EEGs requested; and in the modern technique, thin-wire electrodes have replaced sphenoidal needles, and a short-acting anaesthetic agent such as methohexitone sodium (Brietal) is used. The electroencephalograph is now more sophisticated and there is no need to stop anticonvulsants for 24 hours before routine EEG.
Before objecting vehemently to the number of routine EEGs requested, it is worth pausing to consider from whom the requests normally emanate. At my subregional centre in 1976, over 40% of the EEGs were requested by the department of neurology, 26.7% by physicians (including geriatricians), 12.3% by paediatricians, 11% by psychiatrists and only 7% by neurosurgeons. Less than 3% of the requests involved using emergency portable apparatus on the wards or in intensive care units. Except for cerebral electrocorticography, EEG was practically never used in operating theatres. An expansion, rather than a contraction, of the EEG service in such circumstances might be anticipated. As expected, nearly 80% of neurological and paediatric EEGs were done on outpatients, whereas for general medicine and for neurosurgery about 50% were inpatients and 50%outpatients. Our departmental policy is to provide a large request form for EEGs or to accept copies ofletters written to the referring doctor. The information we obtain is far more satisfactory than that obtained from the smaller request card in current use by radiological departments. In return, the clinician reporting the EEG has a duty to give as clear an answer as possible, explaining the grey Journal of the Royal Society of Medicine Volume 71 July 1978 area of theta activity and advising upon the value of repeat recordings, possibly collated with measurements of blood sugar, etc.
The major change which has occurred in neurology since 1964 is the appearance of other noninvasive techniques for the diagnosis of cerebral disease in addition to electroencephalography and conventional radiography. Cranial echoencephalography has come and, in most centres, gone. But there are the very viable alternatives of radionuclide imaging and computerized axial tomography (CAT scanning). The immense value of scanning techniques is well established and might be expected to have reduced the workload on EEG departments. However, Bickford (1976) has observed an actual increase of around 5% in the number of routine EEGs performed in centres in the USA. A personal enquiry into the number of EEGs performed in the past five years in five different departments in the, Manchester region indicates a similar overall increase. This increase cannot be related to the development of either isotope or CAT scanning. A distinction must be made between the essentially anatomical information obtained by scanning and the essentially physiological information obtained by the EEG. The EEG remains the only major noninvasive physiological technique for the assessment of cerebral function.
The prime explanation for the expansion of routine EEG work is surely the development of interest in all aspects of epilepsy, including the social needs of the epileptic, demands for adequate assessment and advances in the biochemistry of anticonvulsant therapy. The management of epilepsy has become more scientific and the EEG has helped to quantify the clinical observations made. Most EEGs are requested where diagnosis of epilepsy is a possibility. There are limitations to the EEG in this respect and these were fully discussed by Matthews (1964) . But, at the same time, he appeared to undervalue the usefulness of EEG documentation, if only to support the clinical opinion expressed. The best evidence of epilepsy is still to be obtained by a careful history from the patient and from eye-witnesses of attacks (lewesbury 1964). Even so, a high proportion of adults and approximately 2 out of every 10 children (Jeavons 1975)referred with a diagnosis of epilepsy are not, in fact, epileptic. The differential diagnosis of epilepsy includes syncopal attacks, psychogenic seizures, cardiac arrhythmias, narcolepsy, vertigo and basilar migraine. It is both courteous and wise to substantiate an opinion contrary to that of the referring physician; thus, although a nonspecific or a normal EEG does not entirely exclude the possibility of epilepsy, it may be the only way to convince a general practitioner that a man aged 50, presenting with episodes of confusion, does not have petit mal.
The essential role of the EEG in the study of epilepsy is the detection of sources of seizure discharge (Parsonage & Exley 1964) . There is no other method which approaches the EEG in this respect, demonstrating the presence of paroxysmal activity, photoepileptic responses or recognizing the influence of metabolic changes -such as arise in the course of hyperventilation or hypoglycaemia -upon the physiological stability of cerebral discharges. It is the most important method of investigation of virtually all cases of temporal lobe epilepsy and can provide anatomical information of the side, or site, of discharge. No such information is forthcoming from scanning procedures, angiography or air-encephalography. The finding of a delta focus in an adult indicates that further investigation is required and in practice this means a brain scan, preferably with computerized tomography. For any patient WIth focal epilepsy, or progressive neurological signs, periodic brain scanning is invaluable and the number of EEGs performed in such circumstances could be reduced drastically.
The EEG is of some guidance in therapy. The emphasis in the prophylaxis of epilepsy is upon the use of a single anticonvulsant and the careful monitoring of serum levels. The choice of anticonvulsant is often made after examination of the EEG, as some drugs (such as carbamazepine) are regarded as semispecific for certain types of seizure. The EEG is no longer regarded as a valid test of anticonvulsant overdosage. If seizure control is lost, despite therapeutic blood levels of a carefully selected anticonvulsant, a brain scan is indicated and an alternative anticonvulsant should be introduced. In such circumstances it is necessary to look critically at the diagnosis of epilepsy and its type. A further EEG may be indicated.
The sensitivity of the EEG in the diagnosis of space-occupying lesions compares unfavourably with scanning techniques. The success rate for tumour detection is approximately 72% (Green & Busse 1960), for metastases 44.5% (Klass & Bickford 1958 )and, although before the antibiotic era a high success rate was claimed for the localization of cerebral abscesses, a recent review of the diagnosis of intracranial abscesses (Jefferson & Keogh 1977) neglected to mention the value of the EEG in this respect. However, because of the widespread availability of the EEG, the clinician reporting EEGs must remain alert to the possibility of space-occupying lesions, especially in patients at the extremes of life or in psychiatric departments, where full examination or history taking may be impossible or misleading. Thus, behaviour problems may arise from drug intoler-ance, psychomotor epilepsy or a frontal tumour. Conversely, where it has been possible to obtain a history of progressive neurological dysfunction, the impact of CAT scanning has been dramatic. At a recent seminar in nuclear medicine, Evens & lost (1977) claimed an overall accuracy for CAT scanning of 95%.Yet the interpretation of CAT scans is not straightforward (Fordham 1977) : some pathological processes produce no density change and are thus not outlined anatomically on the CAT image, and artefacts may appear to resemble real lesions. There is a danger of overconfidence engendered by the pseudoanatomical appearance of the CAT image; fuller investigation by electroencephalography, examination of the spinal fluid and angiography may then not always be performed where appropriate.
It is important to emphasize that the EEG still has a valuable role in the differential diagnosis of progressive neurological dysfunction, specifically aiding the diagnosis of encephalitis, confusional states, coma and dementia. The EEG may be pathognomonic in subacute sclerosing panencephalitis (SSPE), Jakob-Creutzfeldt disease, hepatic failure, and herpes simplex encephalitis. Although herpes simplex encephalitis may present as a suspected tumour, much time can be saved by obtaining a pathognomonic EEG. In coma, the EEG may distinguish between drug intoxication, post-ictal states and metabolic disturbances, and differentiate pituitary failure from myxoedema. The presence of bifrontal slow activity on an EEG may serve as a reminder that neurosyphilis has not entirely disappeared and should be excluded.
Increasingly the EEG is used to display the presence of vascular abnormalities. More attention is paid to bitemporal slower activities as indicators of vascular insufficiency and more EEGs are requested on geriatric patients. The procedure does not demand an awkward or movement-free posture and is better tolerated by the elderly than scanning procedures. (It is estimated that 3% of all CAT scans are so severelycompromised by motion as to be essentially useless, and that a further 10% provide only limited interpretation due to distortion by movement (Fordham 1977) .) The distinction between parenchymatous and multi-infarct dementia can readily be made by the EEG and in all vascular problems its usefulness is enhanced if a simultaneous electrocardiographic trace is obtained showing evidence of strain patterns or arrhythmias. The differentiation of infarction from tumour is never absolute by any technique, but 'depends upon an observed improvement shown by repeated brain scans' or serial EEGs. For this purpose the EEG is the simpler technique. It is extremely sensitive to cerebral anoxia but is not as anatomically exact as radionuclide scanning. The most accurate method for the diagnosis of watershed infarction or for the study of transient ischaemic attacks is radionuclide angiography using a gamma camera computer system. The technique is still largely confined to research departments. Recent infarcts may be clearly shown by conventional radionuc1ide imaging but may be missed by CAT scanning, as there is little variation in density from normal brain. In the diagnosis of vascular problems there is hope that prolonged telemetric recording of simultaneous EEG and ECG traces will be simplified to provide a really practical means for investigation of attacks of loss of consciousness where syncope, arrhythmias or the sick-sinus syndrome are possible diagnoses.
Those who have worked in North America will have noticed a very different attitude to the importance of monitoring the acutely-ill patient. Although much experimental and pioneering work has been done in the United Kingdom, EEGs are rarely performed in the UK during such operations as those involving controlled hypothermia or cardiac surgery; and few intensive care units in the UK contain a permanent EEG or the simpler cerebral function monitor designed at the London Hospital (Prior et al. 1971 ). Furthermore, the use of a physiological monitor such as the EEG, which could be of value in the progressive assessment of patients after cardiac arrest or during recovery from a metabolic coma, is too often relegated to the diagnosis of death. The head is regarded as a useless appendage in the management of trauma, priority is given to the treatment of limbs, and the management of head injuries is mostly left in the hands of orthopaedic or general surgeons. A request for an early EEG or scan in the first 48 hours after injury is rare indeed. At a later stage after head injury the EEG is demanded for medicolegal purposes. In the absence of an early EEG, or better still of serial EEGs, a late EEG is well nigh worthless. It is to be hoped that enthusiasm for CAT scanning (already dubbed CAT fever) will spill over into the fuller assessment of cerebral function (by EEG and psychometric examination) in the early stages of recovery from head injury.
The inadequacy of facilities for monitoring patients has been accepted too readily in the UK. It may not be necessary to have a fully staffed EEG department in every general hospital, but it should be possible to provide a reliable service outside the EEG department and extend it to outlying hospitals by means of the portable EEG. Modern equipment is suffiently durable and sophisticated for this service and the cost is approximately £6 per record.
The definition of brain death and its diagnosis, endorsed by the Conference of Medical Royal Colleges' and their Faculties in the United Kingdom (Diagnosis of Brain Death 1976) has been influenced by the fact that not all hospitals with intensive care units have an EEG machine, let alone the technical skill to establish beyond doubt the fact of electrocerebral silence. Thus, complacency within the Health Service has been condoned. Technical problems arise in excluding artefacts from the EEG, but in proposing the ice-water caloric test as a feasible alternative, no reference is made to the fatiguability and repeatability of the test. Few British physicians have received proper instruction in the performance of caloric testing. Allen (1977) , commenting on the statement by the Conference of Royal Colleges and Faculties that electroencephalography is not necessary in the diagnosis of brain death but may be used as a confirmatory procedure, maintains that 'such a view is not compatible with prevailing practice in the United States'. Foremost among the reasons for this view is the fact that the EEG represents a safeguard in the early recognition of severe drug intoxication, in which cephalic reflexes may be temporarily abolished.
E M R Critchley Consultant Neurologist Royal Infirmary, Preston

Development of a malaria vaccine!
Malaria remains the most lethal of the human parasitic diseases, widely distributed in tropical areas and having an estimated incidence of 150 million cases per annum. In tropical Africa alone the annual mortality is about one million, mainly among children, and approximately 15% of all clinical illness is attributed to malaria. Eradication measures based upon vector control and prophylactic therapy have proved inadequate in Africa, and have produced only transitory benefit in Asia where the current resurgence of malaria is a source of grave alarm. The mortality and morbidity directly attributable to malaria constitute major constraints on economic progress in many tropical and subtropical areas of the world (WHO 1974) . Under these circumstances, the development of alternative methods of control, including vaccination, is of obvious interest and importance.
The chronic course of infection in malaria has often been taken to indicate that development of an effectivevaccine was unlikely. However, studies on specificacquired resistance have shown that the immune response is potentially lethal for the malaria parasite and that vaccination may induce greater protective immunity than drug-controlled infections (Cohen 1977) . In addition, the recent achievement of continuous culture of the erythrocytic stage of a human malaria parasite (Trager & Jensen 1976 ) has made feasible the provision of antigen for vaccination. The elaboration of a human malaria vaccine has therefore become a realistic goal.
Malaria life cycle (Garnham 1966)
Malaria infection is initiated through the bite of infected female anopheline mosquitoes, which inoculate motile sporozoites into the bloodstream. In mammalian hosts these quickly localize in hepatic parenchymal cells through mechanisms at present unknown. The exoerythrocytic (EE) forms become multinucleate and after a variable period (usually about ten days) infected liver cells rupture and each discharges approximately 20000 EE merozoites, which attach to specific red cell receptors and invade erythrocytes. The repeated rupture of red cells and reinvasion by erythrocytic merozoites is associated with clinical manifestations of malaria. A proportion of the asexual blood parasites develop into male and female gametocytes which undergo sexual reproduction in the mosquito.
